Legs 127 and 128 of the Ocean Drilling Program cored basement samples from two sites in the Yamato Basin (Sites 794 and 797) and one site in the Japan Basin (Site 795) of the Japan Sea. These samples represent sills and lava flows erupted or shallowly intruded in a marine environment during backarc extension and spreading in the middle Miocene. In this paper, we describe the geochemical characteristics of these igneous units using 52 new instrumental neutron activation analyses (INAA), 8 new X-ray fluorescence (XRF) analyses, and previous shipboard XRF analyses.
INTRODUCTION
The purpose of Legs 127 and 128 of the Ocean Drilling Program (ODP) was to determine the basinal history of the Japan Sea. The Japan Sea, one of several marginal basins that lie at the western edge of the Pacific Ocean, is generally understood to have formed by means of the rifting of a continental volcanic arc in the mid-Tertiary (Tamaki, Pisciotto, Allan, et al., 1990; Tamaki, 1985; Celaya and McCabe, 1987; Hilde and Wageman, 1973; Karig, 1971 Karig, ,1974 Lallemand and Jolivet, 1986; Shimazu et al., 1990) . A primary goal of the leg was to determine the nature and age of the crust underlying this backarc basin and to determine its spreading history. The Japan Sea actually comprises two basins, the Yamato and Japan basins, separated by the rifted continental crust of the Yamato Rise (Fig. 1) . Basement coring during the legs was focused at two sites within the Yamato Basin: one at the western basinal margin (Site 797), and one in the north central margin of the basin (Site 794). Basement was also cored at Site 795, at the northeastern margin of the Japan Basin (Fig. 1) .
In this report, we present the initial results of new neutron activation analyses (INAA) and X-ray fluorescence analyses (XRF) of whole-rock powders from samples collected during Legs 127 and 128, and integrate these data with those collected on the JOIDES Resolution by XRF (Tamaki, Pisciotto, Allan, et al., 1990; Ingle, Suyehiro, von Breymann et al., 1990) . Our manuscript will serve two purposes: to characterize the compositional nature of the igneous rocks collected during the two legs, and to highlight the compositional changes in the igneous units resulting from pervasive alteration during emplacement and diagenesis. A discussion of the isotopic composition of these samples and the resultant source constraints is given in Cousens and Allan (this volume) , and a more complete discussion of certain mineralogical and compositional effects of alteration and diagenesis is given in Allan (this volume) . Readers should refer to the Leg 127 and 128 Initial Reports volumes (Tamaki, Pisciotto, Allan, et al., 1990; Ingle, Suyehiro, von Breymann et al., 1990) for supplementary shipboard whole-rock major and trace-element X-ray fluorescence (XRF) analyses and for basic hand-specimen and petrographic descriptions of the analyzed samples. Tamaki, Pisciotto, Allan, et al. (1990) .
DESCRIPTION OF BASEMENT UNITS Site 794
Coring during Legs 127 and 128 recovered nine igneous units, as interpreted by the respective shipboard parties (Figs. 2 and 3) . Until further analysis of additional samples on the cored rock can be made, Units 1 to 5 will be considered to have been defined by the Leg 127 shipboard party (Tamaki, Pisciotto, Allan, et al., 1990) , and Units 6 to 9 will be considered to have been defined by the Leg 128 shipboard party (Ingle, Suyehiro, von Breymann et al., 1990) . In addition, the Leg 128 party defined a unit (Leg 128 Unit 2) not recovered (or recognized) by Leg 127; this unit will be designated here as Unit 2-D.
Units 1 to 6 were interpreted by the Leg 127 shipboard party as sills intruded into soft, tuffaceous, and silty claystones. This interpretation was based on: (1) the presence of baked sediments above and below unit margins, including welding of tuffaceous sediments immediately above Unit 6; (2) the thick nature of the units; (3) the outward fining of unit grain size, from doleritic interiors to finegrained basalts on the unit margins; (4) the lack of rubbly zones at the unit margins; (5) the intense nature of hydrothermal alteration of the units, with the symmetrical alteration at the unit margins that approached or equaled 100%; and (6) the laterally extensive nature of individual horizontal reflectors visible at the top of "acoustic basement" in seismic sections. The shipboard party for Leg 128 came to similar conclusions for some units, but considered others to represent extrusive lavas (Units 1, 2-D, 6, 7, and 8). We comment that if emplacement of the Site 794 sills into shallow, unconsolidated soft sediment followed the model of Einsele (1982) for intrusion of sills in the Guaymas Basin, then the distinction between extrusive lava flows and intrusive sills is likely to be tenuous and difficult to ascertain. 40 Ar/ 39 Ar and 40 Ar/ 36 Ar radiometric determinations of Site 794 units indicate ages of around 20 Ma (Kaneoka et al., this volume; Pouclet and Bellon, this volume) . In contrast, the Leg 127 shipboard party estimated the age of the immediately overlying sediments to be 14.8-16.2 Ma based on extrapolation from paleontological control (Tamaki, Pisciotto, Allan, et al., 1990) . The thickness of sediment between the units is uncertain, due to poor sediment recovery.
Site 795
Site 795 recovered three units of moderately to highly altered, brecciated to massive, vesicular, sparsely plagioclase and pyroxene phyric basalts and basaltic andesites (Fig. 4) that the Leg 127 shipboard party (Tamaki, Pisciotto, Allan, et al., 1990) interpreted as representing three eruptions (Units 1 and 2, 3A, and 3B). Unit 2 likely represents the silicified base of Unit 1. 40 Ar/ 39 Ar release patterns from Site 795 samples show disturbed spectra and provide a range of age estimates of 13-24 Ma (Kaneoka et al., this volume) . Paleontological data provide estimates of about 14 Ma for the overlying sediments (Tamaki, Pisciotto, Allan, et al., 1990) . The eruption depth was probably below 100-200 m, as indicated by the character of the overlying low-energy sedimentary structures. Units 1, 2, and 3B underwent autobrecciation upon extrusion, shown by their brecciated character.
Site 797
Twenty-one igneous units were recovered by coring during Leg 127 (Fig. 5, after Tamaki, Pisciotto, Allan, et al., 1990) . Units 1, 2, and 4 were interpreted to be lava flows, as they lack chilled margins 
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and are typically highly fractured and brecciated throughout. Unit 1 likely represents the rubbly top of Unit 2. In contrast, Units 3 and 5 to 21 were interpreted as sills intruded into soft, interlaminated sandstones, siltstones, and silty claystones. This interpretation was based upon the following: (1) the presence of baked sediments above and below unit margins (including the reversal of sediment magnetic orientation); (2) the massive nature of the units; (3) the transition from doleritic or coarse basaltic interiors to fine-grained basalts at the unit margins; (4) the lack of rubbly zones at the unit margins; and (5) the laterally extensive nature of individual horizontal reflectors visible at the top of acoustic basement. Many of these units were intensely altered as well, with the amount of alteration increasing at the unit margins. Extrusion and intrusion likely took place around 18-20 Ma, from 40 Ar/ 39 Ar dating of sills (Kaneoka et al., this volume) and the estimated age of the immediately overlying sediments (Tamaki, Pisciotto, Allan, et al., 1990) . (Ingle, Suyehiro, von Breymann, et al., 1990) . Note that igneous units in the tables and figures follow the unit designation scheme of Tamaki, Pisciotto, Allan, et al. (1990) for Units 1 to 5 and Ingle, Suyehiro, von Breymann, et al. (1990) for Units 6 to 9, with the exception that Unit 2 as defined in Hole 794D is referred to as "Unit 2D."
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Acoustic basement was determined by Leg 127 to consist of sill/sediment complexes as at Site 794. A better recovery of intervening sediment at Site 797 allowed a more accurate determination of unit boundaries. Drilling extended below the visible seismic reflectors at the site, indicating that the thickness of sill/sediment complexes in the Yamato Basin may be considerably greater than estimated from seismic profiles.
ANALYTICAL METHODS
All analyzes were of powder split derived from a 10-to 20-cm 3 (pre-crushing volume) whole-rock sample. Samples were sanded with garnet paper to remove saw marks, broken in plastic bags with a hammer to pea-sized material, and then pulverized for 2-5 minutes in a Spex alumina ceramic shatterbox. Acetone was used in grinding when sample caking was a problem. Samples were not ashed after crushing, so comparison to shipboard XRF analyses should take into account changes in weight resulting from shipboard loss-on-ignition procedures.
Powdered samples between 190 and 250 mg each were weighed with a Cahn 4200 electronic balance and sealed into 2 × 2-cm polyethylene sachets (bags). The sachets were irradiated in the lowflux reactor SLOWPOKE II at the University of Toronto, and counted at 7 and 40 days after irradiation at facilities in the Department of Geology, University of Toronto. The irradiation and analysis procedures generally follow those of Barnes and Gorton (1984) and Stix and Gorton (1990) . The samples were calibrated against international rock standards and against pure elements where necessary. The performance of the system was monitored by the in-house basalt standard UTB1 (Barnes and Gorton, 1984) . Samples were counted from 3 to 9 hours, with samples containing lower amounts of the rare earth elements (REE) counted for longer periods of time. Aptec coaxial intrinsic germanium detectors of 25% efficiency were used to count the samples; these have a resolution of 0.8 kev at 122 kev. To compensate for the low neutron flux of the reactor and resultant low activity of the samples, a sample/detector distance of 1 cm was utilized. Geometric problems were minimized in this configuration by using flat sample sachets of less than 1 mm thickness; relative errors caused by sample geometry are judged to be always below 5%.
After initial analysis of the data had been completed, one of us (JFA) realized that the Cahn balance used for weighing had become uncalibrated because of an electrical power failure prior to sample weighing, resulting in weighing errors of approximately 11%. By weighing with standard weights, this error was determined to be linear in nature. As a result, 26 samples were re-weighed at the University of Toronto and rerun, with results given in Table 1 . This second data set contains multiple samples from all earlier dates of weighing and determined that the weighing error was constant. After correction for background and peak overlap interferences, the intensity of gamma ray emission in irradiated samples is directly related to the relative amount of the element of interest (Laul, 1978) . Therefore, simple corrections to overcome the weighing error can be made by directly comparing the two data sets. Table 1 also gives the corrected results from the earlier data set, with these samples marked with an asterisk.
Other relative sources of error may exist for both shipboard XRF and shore-based INAA measurements. Compositional variation within a unit may result from crushed samples not being of sufficient volume to fully represent the sampled rock, particularly where the sample is coarse grained. This was not judged to be a problem in the shore-based study, but shipboard analyses were based on crushed material of as little as 6 cm 3 in volume. In addition, it should be emphasized that the shore-based studies did not sample the exact interval analyzed by the shipboard studies, although care was taken to obtain samples located adjacent to the sites of shipboard sampling. In the more intensely altered rock, sample heterogeneity could therefore introduce uncertainty.
In addition to the INAA analyses, eight samples from Site 797 were analyzed by X-ray fluorescence by M. Rhodes at the University of Massachusetts and Steve Nelson at Tulane University (Table 2) . These samples represent units that were not analyzed on-board ship because of end-of-Leg time constraints, and represent splits of powders analyzed by INAA. A discussion of the analytical procedures and estimated errors is given in Rhodes (1988) . Sample powders were ashed before analysis, with loss on ignition (LOI) determined by J. Allan at the Ocean Drilling Program, Texas A&M University by ashing the rock powder at 1000° C for 1 hr. Adiscussion of the shipboard XRF procedures is given in Tamaki, Pisciotto, Allan, et al. (1990) .
RELATIVE MOBILITY OF ELEMENTS DURING ALTERATION Unit 5, Site 794
All units from Site 794 are variably altered, with the LOI ranging from 1.7% to 5.6%. Unit 5, a 9.8-m-thick sill, was cored with full recovery in Core 127-794C-12R, offering a unique opportunity to see the effects of alteration on rock chemistry. Most alteration likely occurred during and immediately after intrusion of the unit into soft, tuffaceous sediments during unit cooling, but also occurred during diagenesis after unit emplacement (Tamaki, Pisciotto, Allan, et al., 1990; Allan, this volume) . The unit varies from a highly altered, coarse, highly vesicular, yet aphyric dolerite in the interior to a nearly totally altered, felty spherulitic, olivine plagioclase phyric basalt at the margin (Fig. 6 ). The unit interior is dominated by subhedral laths of plagioclase intergrown with ophitic and subophitic clinopyroxene, with most of the clinopyroxene and all of the interstitial mesostasis replaced by secondary brown mixed-layer clays. Secondary irregular blebs of pyrite are common, and secondary adularia as well as brown clays have replaced plagioclase in the unit margins. (Tamaki, Pisciotto, Allan, et al., 1990) . Unit 2 likely represents the silicified base of Unit 1.
XRF analyses, while Figure 9 shows the variation in REE and other selected elements from our INAA analyses. Shipboard petrographic observations show that the LOI is a useful proxy for the degree of alteration within a given unit, with samples having higher LOI also having a higher percentage of secondary minerals (Tamaki, Pisciotto, Allan, et al., 1990) . In this context, the LOI represents the dehydration of secondary clays and zeolites and the volatilization of secondary carbonate minerals. Large changes in relative abundance of elements with LOI therefore should reflect mobility of elements during alteration, although smaller changes in absolute abundance may be caused by crystal settling or floatation during emplacement of the units. Table 1 and Figure 7 show that K 2 O, MgO, and CaO are strikingly affected by alteration, resulting in profound within-unit variation. The coupled increase in MgO and the decrease in CaO can be related to the formation of mixed-layer secondary clays from the alteration of either glassy mesostasis or olivine and pyroxene, with CaO being excluded from the clay mineral structure (Allan, this volume; Seyfried, 1987) . This alteration results in the rock Mg number (Mg 2+ /(Mg+Fe 2+ ) ratio strongly increasing with LOI ( Fig. 7) , despite the fact that Fe increases slightly with alteration as well. Sr, geochemically similar to Ca, also decreases sharply with LOI, as does Co (Figs. 8 and 9 ). The increase in K 2 O is also likely associated with the formation of these clays; several shipboard XRD analyses of clay separates suggest the presence of both mixed-layer and kaohnitic clays (Tamaki, Pisciotto, Allan, et al., 1990) . The large-ion lithophile element (LILE) Rb shows a particularly strong increase with increasing LOI (Fig. 8) , a relationship that has been previously noted for low-temperature alteration of basalt by seawater (Hart et al., 1974) . Y and Sc show much larger variability than expected, as they are not considered to be easily mobilized by fluids (e.g. Pearce, 1983; Tatsumi et al., 1986) . In particular, Y shows several sharp changes (Tamaki, Pisciotto, Allan, et al., 1990) .
in content within a few units, shown effectively by changes in Zr/Y (Tables 1 and 2 ; Fig. 10 ). However, Bienvenu et al. (1990) also found evidence for Y mobility during low-temperature seawater alteration of glassy MORB. A key observation is that the elemental variations due to alteration are expressed reciprocally in the respective concentrations in sediment pore waters above the intrusive units, with strong gradients of enrichments in pore water Sr and Ca and depletions in Mg and K above the igneous units (Tamaki, Pisciotto, Allan, et al., 1990) . These data indicate that the dolerites and basalts serve as both a sink and a source for elemental exchange with aqueous fluids in the overlying sediments. Other elements show little or no variation with LOI. These elements include most high-field strength elements (HFSE; Zr, Nb, Hf, and Ta), Th, Ni, and Cr (Figs. 8 and 9 ). As a result of their relatively immobile nature, Bienvenu et al. (1990) have recently proposed that the highly incompatible/moderately incompatible element ratios Nb/Zr and Ta/Hf are potentially more useful in altered basalts than the REE ratio La/Sm, and indeed ratios of these elements appear constant in Unit 5 ( Fig. 10 ; Table 1 ). Relative absolute abundance variations of up to 20% exist for the REE within Unit 5 of Site 794 (Fig. 9 ), but the light-to-medium rare-earth elements (LREE to MREE) in a given sample covary in abundance (i.e., the chondrite-normalized REE patterns given in Figure  15 are generally parallel from La to Tb). Slight depletions in the heavy rare-earth elements (HREE) are noted for the most altered sample (Section 127-794C-13R-1, 19 cm; Fig. 9 ). There is no relation of this relative abundance variation to either LOI or stratigraphic position.
One approach to determining the relative mobility of a given element is to normalize its concentration against an element that is "conserved" during alteration, a method used previously to study problems of rock alteration (Hynes, 1980; Fowler, 1990 ) and analogous to the use of Pearce element ratios in modeling magmatic liquid lines of descent (Pearce, 1968; Russell and Nicholls, 1988; Nicholls and Russell, 1990) . This approach should circumvent problems of volume change caused by infilling of vesicles with alteration products, and the volume change associated with alteration of the sample to lower-density, hydrous minerals. Hf is analyzed with high precision by INAA (Laul, 1978) , and has proved to be highly immobile during alteration processes by numerous studies (e.g., Bienvenu et al., 1990; Humphris and Thompson, 1978; Woodetal., 1979) . Figure 10 shows normalization of the REE and Th to Hf, to see if any systematic changes with LOI are present. Th appears to have been lowered slightly by alteration processes, although the magnitude is small ( 15%). Small variations exist between the REE, with all normalized REE abundances except Ce slightly declining with alteration and the HREE showing the greatest decline. The chondrite-normalized ratio La/Yb (Fig. 10) records the slight relative HREE depletion as compared to the LREE. However, the chondrite-normalized ratio La/Sm remains fairly constant.
Overall, the REE do not appear to have been highly mobile during these conditions of alteration, determined by Allan (this volume) to be subgreenschist in nature at conditions of less than 230° C in temperature, with alteration temperatures in Units 6 to 8 of Hole 794D determined from mineralogical and oxygen isotope data to be 65°-180° C (Proust et al, this volume) . This finding of non-mobile REE behavior agrees well with the higher temperature (500°-600° C) experimental results of Hajash (1984) , but contrasts strongly with the findings and suggestions of Frey et al. (1974) , Ludden and Thompson (1979) , and Bienvenu et al. (1990) , who report significant additions and depletions in relative LREE and MREE abundance during longterm, low-temperature (ambient seawater) alteration of glassy midocean ridge basalt (MORB) flow rinds. Juteau et al. (1979) studied basalts from DSDP Hole 417A with an intensity of alteration similar to those of Site 794 and found strong LREE enrichments associated with alteration, at strong variance with our results presented here.
Unit 3, Site 797
Alteration of units from Site 797 vary, with LOI ranging from 1.6% to 8.4%. Unit 3, a 28-m-thick sill intruded into laminated claystones at Site 797, allows another opportunity to look at element variation with alteration within a given igneous unit (Tamaki, Pisciotto, Allan, et al., 1990) . In contrast to Unit 5 at Site 794, the unit is defined over several core lengths with relatively poor recovery ( Fig. 5 ), making it a less-reliable indicator of elemental variation. The interior of Unit 3 consists of a slightly altered, fine-to-medium grained, aphyric basalt (Fig. 6 ). Clinopyroxene exhibits subophitic and radiating sheaf and comb textures around and between plagioclase laths and subhedral olivine and magnetite. The interstitial mesostasis is partially to completely replaced by green clays, as are the silicate phases to a much smaller extent. The margins are very highly to totally altered spherulitic to microlitic basalts, with the plagioclase microlites replaced by sodic plagioclase and the plagioclase phenocrysts by adularia. Conditions of alteration are similar to those of Unit 5, Site 794 (Allan, this volume).
Figures 11, 12, and 13 show the elemental variations within Unit 3 of Site 797. MgO and CaO again show strong coupled enrichment and depletion with LOI. However, FeO shows a decline with decreasing LOI, and K 2 O again increases with LOI at the unit margin. Most HFSE show little change, but Co shows a strong enrichment with LOI, completely opposite to that shown by Unit 5 of Site 794 (Fig. 13 ). Rb again also shows a strong enrichment with LOI ( Fig. 12 ). Y appears to be mobile, with significant variation in Zr/Y (Fig. 14) .
The effects on the REE as compared to Unit 5 of Site 794 are more pronounced. Ce is enriched and the HREE Yb and Lu (geochemically similar to Y) are strongly depleted in the most-altered sample from the unit, resulting in an unusual chondrite-normalized REE pattern that crosses those of the other Unit 3 samples (Fig. 19) . Frey et al. (1974) found similar evidence of HREE mobility during alteration. Evidence for the mobility of Ce during low-temperature alteration of basalt by seawater has been cited by previous authors (Frey et al., 1974; Ludden and Thompson, 1979; Juteau et al., 1979; and Bienvenu et al., 1990) , and the normalized Ce/Hf ratio ( Fig. 14) as well as the absolute abundance data ( Table 1 ) argues strongly that it has indeed been enriched in the Unit 3 altered margin. The depletion in the HREE Yb and Lu is also strikingly shown by their normalized ratios relative to Hf and by their chondrite-normalized La/Yb ratio (Fig. 14) .
Discussion
There are two results from this overview of the effects of alteration and diagenesis on Leg 127/128 rock chemistry. First, it is clear that the effects of rock alteration on the chemistry of the Leg 127 and Leg 128 rocks are profound, and that key petrogenetic indicators such as the large-ion lithophile elements (LILE), Ca, Mg, and Sr have been somewhat redistributed in even the fresher samples. In the most altered samples, key elements such as Y, Ce, Yb, and Lu were also mobile. Although not specifically discussed, Units 7 and 8 from Hole 797C (Table 2 ) also allow for a comparison between totally altered and moderate-to highly-altered samples from the same unit. These two examples show that the LREE may increase during conditions of extreme alteration. As Allan (this volume) demonstrated for several specific Leg 127 igneous units, investigators must be cautious before interpreting that any sample from these units closely approximates the composition of a silicate liquid. As a result, it is problematical to construct useful liquid-line-of-descent calculations using the contents of most major elements and many trace elements of units from Legs 127 and 128. Second, excepting the most altered unit margins, the HFSE and the REE do not appear to have been highly mobile under these conditions of subgreenschist alteration and diagenesis. This the sample was taken. All trace elements are in ppm exept for Au, which is in ppb. Methods and estimated errors for the shipboard X-Ray Fluorescence (XRF) data are discussed in Tamaki, Pisciotto, Allan, et al., 1990 ; D. Sims was the analyst. Methods for the shore-based neutron activation analyses (INAA) are discussed in the text; M. Gorton was the analyst. Estimated counting errors (in ppm unless given otherwise) for the INAA are illustrated by giving them for Sample 127-797C-28R-1, 45^7 cm: Na2O, 0.009%; 7-day Fe2O3, 0.01%; 40-day Fe2O3, 0.02%; Sc, 0.02%; Cr, 1; Co, 0.1%; Ni, 7 (a typical figure for all samples); Zn, 2; Rb, 0.7; Sr, 14; Ba, 6; La, 0.06; Ce, 0.3; Nd, 0.3; Sm, 0.007; Eu, 0.01; Tb, 0.015; Yb, 0.025; Lu, 0.004; Hf, 0.05; Ta, 0.01; Au, 0.1 ppb; Th, 0.02; and U, 0.02. LOI = loss on ignition; Mg# = Mg/(Mg + Fe 2+ ); and Nb/Zr, Ta/Hf, La/Sm, and La/Yb ratios are chondrite-normalized, with chondritic values for Nb and Zr from Erlank and Kable (1976) , Ta and Hf from Anders and Ebihara (1982) , and La, Sm, and Yb from Matsuda et al., 1973 . Eu/Eu* refers to observed Eu/expected Eu, where the expected Eu is calculated using the "effective" ionic radii of trivalent REE in sixfold coordination (Shannon, 1976) . Comparisons of the XRF and INAA data sets should take into account that the XRF samples were run on ignited samples, whereas the INAA samples were run on unignited samples. Samples with asterisks are corrected for weighing errors as explained in text. As a result, element abundances are slightly less precise than for other samples, precision being degraded by a few percent. finding provides support for the use of these elements in fresher samples for testing of petrogenetic hypothesis. Further work is needed to better delineate the conditions of apparent elemental mobility exhibited by the altered unit margins, particularly the apparent mobility of the HREE.
GEOCHEMICAL CHARACTERISTICS OF LEG 127/128 IGNEOUS UNITS
In this section we present the results of our INAA analyses on the Leg 127/128 igneous rocks. Due to our belief that the major-element geochemistry of these units does not accurately reflect that of the original silicate liquids, we will not attempt direct liquid-line-of-descent estimations or calculations. We refer the reader to the shipboard science volumes (Tamaki, Pisciotto, Allan, et al., 1990; Ingle, Suyehiro, von Breymann et al., 1990) and to Thy (this volume) and Yamashita et al. (this volume) for discussions involving the trends exhibited by the major elements. We will instead concentrate on the minor and trace elements, focusing primarily on the elements that exhibited little mobility during alteration. It should be noted that our preliminary studies support the unit boundaries adopted from the reports of both shipboard parties, with the possible exception of Unit 8 defined in Hole 794D (Tamaki, Pisciotto, Allan, et al., 1990; Ingle, Suyehiro, von Breymann et al., 1990 ).
Site 794, Northern Yamato Basin
All units are interpreted to be tholeiitic basalts, based on their chemistry and quench-margin (near-liquidus) pre-alteration mineralogy of plagioclase, olivine, and Cr-spinel (Tamaki, Pisciotto, Allan, et al., 1990; Ingle, Suyehiro, von Breymann et al., 1990; Allan et al., 1990) . Some units appear to be quite primitive, but caution must be exercised as the MgO contents have been affected by alteration. Chondrite-normalized (Masuda, 1973 ) REE compositions of samples from Site 794 are plotted in Figure 15 , and selected elements from these samples normalized against normal mid-ocean ridge basalt (N-MORB) abundances (Pearce et al., 1981) are plotted in Figure 16 . Tamaki, Pisciotto, Allan, et al. (1990) and Ingle, Suyehiro, von Breymann et al. (1990) recognized that several spatially and compositionally distinct groups of units occur. Site 794 units were classified by Ingle, Suyehiro, von Breymann et al. (1990) into an upper complex (Units 1 to 5) and a lower complex (Units 7 to 9), with a primitive intermediate Unit 6. All samples in the upper group show slight enrichment in the light rare-earth elements (LREE; Fig. 15) , with chondrite-normalized La/Sm ratios of around 1.6 (Table 1) . Moderate positive Eu anomalies exist for Units 1 to 3 (Eu/Eu* ranges from 1.04 to 1.06; Table 1 ). The patterns for the normalized medium-to-heavy rare-earth elements (MREE to HREE) are essentially flat, with the more altered samples (794B-26R-2, 101-103 cm of Unit 1 and 794C-13R-1, 19-24 cm of Unit 5) showing MREE-HREE patterns that cross those of other samples. These crossing patterns likely represent HREE loss during alteration. The effects of alteration on Unit 5 chemistry are effectively shown by the "spider" plot of Figure  16 , where increased large-ion lithophile elements (LILE) and decreased Sr, Y, and Yb contents with increased alteration are visible. This plot also illustrates that simple division of elements into elements that are "mobile" (left side of the spider plot) and "immobile" (right side of the spider plot) by aqueous fluids (e.g., Pearce et al., 1981) may not always be valid. Units 1,2, and 5 show very similar patterns of relative enrichment and depletion (Fig. 16) , with no sharp relative enrichments of any normalized element. However, Unit 3 contains substantially less relative Nb and Ta, yielding significantly lower (Nb/Zr) N and (Ta/Hf) N (Table 1) . As these pattern shapes and incompatible element ratios will not be significantly affected by fractional Figure 6 . Photomicrographs of Unit 5, Site 794, and Unit 3, Site 797; each picture is 4 mm across. A. Coarse, doleritic interior of Unit 5 (127-794C-12R-4, 85-87 cm), with thick laths of plagioclase being incipiently altered to brown clays. Mesostasis and olivine are totally altered to mixed-layer brown clays, while ophitic and subophitic clinopyroxene is partially altered to these brown clays. Note the large fresh clinopyroxene in the center right of the photo; it is partially surrounded by alteration products. Anhedral magnetite is also visible. B. Totally altered quench margin of Unit 5 (Sample 127-794C-13R-1, 21-23 cm). The plagioclase phenocrysts have been replaced by adularia, while the olivine crystals in the center of the photograph have been replaced by dark greenish-brown mixed layer clays, as has the mesostasis. The Cr-spinel inclusions in the olivine have been replaced by pyrite. C. Coarse interior of Unit 3 (Sample 127-797C-12R-4,35-37 cm); the plumose and sheaf-radiating clinopyroxenes are partially replaced by secondary clays, as is the mesostasis. D. Highly altered margin of Unit 3 (Sample 127-797C-11R-1, 72-74 cm); the mesostasis is replaced by greenish-brown clays and the plagioclase is heavily altered to brown clays. Larger plagioclase crystals are replaced by adularia (more calcic originally and so more susceptible to low-temperature exchange?). Note that the vesicle infülings contain two generations of clays: an outer, lighter greenish-brown generation and an inner, dark-brown generation, probably reflecting variations in oxidation during different stages of alteration.
crystallization (Pearce, 1983; Wood et al., 1979; Erlank and Kable, 1976) , several distinct magma batches must have been required.
As noted by Ingle, Suyehiro, von Breymann et al. (1990) , most samples from Units 6 to 9 are strikingly different in composition to those stratigraphically above, with substantially lower amounts of all incompatible elements (Table 1; Figs. 15 and 16, where Sample 127-794D-13R-1, 83-86 cm, of Unit 7 represents the lower complex of Units 7 to 9). These units are characterized by relatively flat chondrite-normalized LREE to MREE ratios that cross those of the upper units (Fig. 15) , with (La/Sm) N ranging from about 1.2 (Unit 6) to 0.8 (Unit 7). The MREE to HREE again show relatively flat patterns, with the exception of Unit 6 having a sharp, substantial positive Eu anomaly (Table 1) . Overall, these units show a much smaller relative increase in the LILE relative to N-MORB than do Units 1 to 5 (Fig. 16) , with Unit 7 giving a normalized pattern very similar to N-MORB with the exception of a slight relative depletion in Ta. Unit 6, in contrast, shows significant relative depletions in the HFSE Zr and Hf, as well as low Y and Yb. The relative lack of Y and Yb in this sample may partially reflect its high degree of alteration (LOI = 4.02; Table 1 ).
An exception to the above generalizations about Units 6 to 9 comes from Sample 127-794D-16R-1, 59-62 cm (Table 1) . Our INAA data show that this sample is more enriched in the LREE than other samples from Units 6 to 9, and also more enriched than the other analyzed sample from Unit 8 (Table 1) . Although this sample is highly altered (LOI of 4.57), it is doubtful that hydrothermal alteration could increase La, Ce, Nd, and the relatively immobile element Ta simultaneously. Instead, it is possible that an additional unit exists, perhaps a thin dike difficult to map in core of poor recovery.
To produce the range in chemistry exhibited between the lower and upper sills, multiple parental lavas of differing composition derived from a somewhat heterogenous mantle source are required. Variations in partial melting of a single source cannot produce the strongly different N-MORB normalized elemental patterns seen in the "upper" and "lower" complexes (Pearce et al., 1981; Pearce, 1983) , in particular the relatively depleted Zr and Hf of Unit 6. Nevertheless, the two complexes have similar Sr, Nd, and Pb isotopic compositions (Cousens and Allan, this volume; Nohda et al., this volume; Pouclet and Bellon, this volume) . The presence of positive Eu anomalies in some samples (Eu/Eu*, Table 1 ) may be a possible result of plagioclase accumulation in the melt (Frey et al., 1974) . The relatively high A1 2 O 3 contents of these samples is consistent with this hypothesis. Taken as a group, the Site 794 samples are quite similar in chemistry and mineralogy to basaltic flows and doleritic sills of middle Miocene age found in the Akita-Yamagata oil fields and surrounding areas of coastal northwestern Honshu (Tsuchiya, 1988 (Tsuchiya, , 1989 (Tsuchiya, , 1990 . These "oil field" basalts and dolerites were erupted and emplaced subaqueously during the initial opening of the Japan Sea (Tsuchiya, 1990) , and show strikingly similar patterns of enrichments and depletions in N-MORBnormalized incompatible elements to the Site 794 rocks. Igneous rocks from both the oil fields and from Site 794 lack extensive Nb and Ta depletions; fresher samples exhibit smooth patterns of steady increases in normalized concentrations from Yb (less incompatible) to Ba (more incompatible). As noted by Tsuchiya (1990) , these patterns are reminiscent of transitional-type MORB and less enriched oceanic island tholeiitic basalts (Sun et al., 1979; Pearce, 1983; Wilson, 1989) , but are lower in incompatible elements and (Sm/Yb) N than most intraplate tholeiitic lavas (e.g., Basaltic Volcanism Study Project, 1981; Menzies et al., 1984) . Overall, they fall within the general range exhibited by backarc basin basalts (Saunders and Tarney, 1984; Pearce et al., 1981) , lacking the strong "sawtooth" patterns caused by relative HFSE depletion and LDLE enrichment of continental arc and many island arc basalts (Perfit et al., 1980; Pearce, 1982 Pearce, , 1983 Gill, 1981; Hickey et al., 1986; Arculus and Powell, 1986; Wood etal., 1979; Briqueuetal., 1984; Dupuyetal., 1982) .
Site 795, Northeastern Japan Basin
Lavas from Site 795 fall into three basic eruptive groups (Fig. 4) : an upper silicified and brecciated, relatively evolved moderately phyric clinopyroxene plagioclase basaltic andesite (Units 1 and 2); a massive, sparsely phyric clinopyroxene plagioclase basalt (Unit 3A), and a brecciated, sparsely phyric pyroxene plagioclase basalt to basaltic andesite (Unit 3B). All units are heavily altered, with the LOI ranging from 4.75%-5.99%, 2.84%^.82%, and 3.49%-5.88%, re- spectively (Tamaki, Pisciotto, Allan, et al., 1990) . Secondary green clays (celadonitic?) augmented by zeolites and cryptocrystalline silica fill the abundant vesicles, fractures, and voids between clasts, and secondary green clays replace the cores of most plagioclase phenocrysts. Unfortunately, the highly fractured and brecciated nature of the units precludes an analysis of element mobility similar to that conducted for Sites 794 and 797, although no consistent compositional trends with LOI were noted for the XRF data. Tamaki, Pisciotto, Allan, et al. (1990) found that the Site 795 lavas exhibited trends in MgO variation diagrams (Fe and V depletion trends, and Al and Si enrichment trends) and a mineralogy (clinopyroxene and plagioclase phenocrysts; magnetite microphenocrysts in Unit 1) consistent with a calc-alkaline liquid line of descent. The samples are characterized by low amounts of the compatible elements Ni, Cr, and MgO ( Table  1 ), indicating that they are all relatively evolved. In our discussion, we will concentrate on the fresher, more primitive samples of Units 1, 3A and 3B, with the chondrite-normalized REE plotted in Figure  17 and a range of N-MORB normalized incompatible elements plotted in Figure 18 .
The REE contents of both Units 3A and 3B are very similar, exhibiting slight relative enrichment in the LREE and relatively flat patterns from Sm to Lu (Fig. 17) . Slight Eu anomalies exist, with Eu/Eu* ranging from 1.04 to 1.06. The "spider" plots of N-MORB normalized elements for Site 795 samples are also similar, with divergence between samples visible in the LILE (Fig. 18 ). These differences in the easily mobilized LILE could have resulted from variable alteration. The slight variability seen within the data could allow for both Units 3 A and 3B to be part of the same eruptive event, with minor geochemical variation occurring during eruption. The normalized REE plot of Sample 127-795B-34R-1,121-123 cm, from the more evolved Unit 1 is elevated and subparallel for most elements compared to those of Units 3 A and 3B. In contrast, a Eu anomaly is lacking (perhaps due to plagioclase fractionation), and a noticeable dip in La as compared to Ce occurs. This unusual-looking dip could be due to Ce enrichment or La loss during alteration. Figure 18 shows that the Unit 3 A and 3B Site 795 lavas are lightly enriched in P, Ce, and the LILE compared to N-MORB, but are otherwise poor in incompatible elements. The depleted nature of these lavas is underscored by their relatively evolved character. Other key features include a moderate Nb and Ta depletion, and relatively low amounts of the HFSE Zr, Hf, and Ti. Unit 1 (Sample 127-795B-34R-1, 121-123 cm) shows a different normalized element pattern, with less relative HFSE depletion. This difference in relative element enrichment and depletion rules out a parent-daughter genetic relationship between Unit 1 and Units 3A and 3B. The samples lack the strong LILE enrichment and strong negative Nb and Ta anomalies typically associated with continental arc and more K-enriched island arc volcanics (e.g., Perfit et al., 1980; Pearce, 1982 Pearce, , 1983 Hickey et al, 1986; Arculus and Powell, 1986; Wood et al., 1979) . Instead, they are more similar in composition to low-K, depleted oceanic island arc and backarc tholeiites and calc-alkaline basalts (Pearce et al., 1981; Saunders and Tarney, 1984; Wilson, 1989; Hawkins et al., 1990 ). . This normalization removes the problem associated with rock volume changes during alteration, and allows a more quantitative approach toward elemental mobility. Note that the normalized elemental concentrations do not change with alteration except for minor declines by Yb/Hf, Lu/Hf, and Th/Hf that represent a minor loss of the numerator elements. Errors in ratios from counting uncertainties are typically less than 1%. The lower graph shows commonly used elemental ratios (from Table 1 ), with sharp increase in Zr/Y representing the loss of Y in the more altered margins of the unit. The other elemental ratios show little change with LOI. Errors from counting uncertainties in these ratios are typically less than 1%, except for Zr/Y (4%) and (Nb/Zr) N (10%).
Site 797, Western Yamato Basin
Site 797 offered the deepest penetration (903 mbsf), the most units defined in core (21), and the most complex geochemistry of all the Japan Sea sites. Shipboard XRF analyses (Tamaki, Pisciotto, Allan, et al., 1990 ) together with our new INAA analyses are presented in Table 1 for Units 1 to 13, with INAA analyses for Units 15 and 21 also presented. As drilling proceeded until the very end of Leg 127, the shipboard party was unable to analyze all of the recovered units. XRF analyses from these lower units (Units 14 to 21) are presented in Table 2 . Chondrite-normalized REE plots of the Site 797 units are plotted in Figure 19 , and N-MORB normalized trace-element abundances are plotted in Figure 20 .
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Figure 11. Variation of XRF-derived major-element contents in Unit 3, Site 797 with LOI (loss on ignition), a proxy for alteration. The most altered sample consists of nearly 100% alteration minerals; higher LOI samples are located nearer the unit margins. Note increasing MgO and A1 2 O 3 and decreasing CaO and FeO trends with increasing LOI; these elements appear highly mobile with alteration. Note the lack of enrichment in K 2 O; microprobe analysis of the unit margins show that K 2 O does indeed increase further toward the unit margins. Analytic precision ranges from 1% to 2.5% for the above elements and is 4% for LOI.
Tamaki, Pisciotto, Allan, et al. (1990) found two spatially-defined geochemical groups. The uppermost nine units were tentatively classified as high-Al basalts due to their lack of significant Fe enrichment and Al depletion trends with MgO, and their similarity to other volcanic arc rocks in showing a relative depletion in Nb. Nevertheless, the degree of alteration makes this interpretation questionable, and we note that the fresher samples resemble tholeiites. Some units appear to be quite primitive, with high Ni and Cr contents (Table 1) . However, Allan (this volume) demonstrated that the very high Mg/(Mg+Fe 2+ ) of some upper group units is due to MgO enrichment during alteration. These basalts exhibit flat normalized REE patterns with slight relative depletions in the LREE and slight to moderate positive Eu anomalies ( Fig. 19 ; Table 1 ). As with the Site 794 tholeiites, these anomalies suggest that the high rock A1 2 O 3 could be associated with plagioclase accumulation in the melt rather than or as well as suppression of plagioclase crystallization by high magmatic water (Tamaki, Pisciotto, Allan, et al., 1990) . The low Yb and Lu of Sample 127-797C-11R-1, 73-75 cm, is likely due to HREE loss during alteration, as mentioned earlier. As a group, these basalts are lower than typical N-MORBs in all of the incompatible elements except for Sr (Fig. 20) . This curious lack of enrichment in the LILE is a feature of some backarc rocks from the actively spreading center of the Lau Basin (Hawkins and Melchior, 1985; Ernewein et al., in press) . A principal difference between the upper group rocks of Site 797 and MORBs is their substantial relative depletion in the HFSE Ta and Nb ( Fig. 20; Table 1 ).
Units 10 to 21 are strikingly different in composition from the overlying units, being more evolved and with substantially higher amounts of incompatible elements. Tamaki, Pisciotto, Allan, et al. (1990) classified the analyzed units on ship (Units 10-13) as enriched tholeiites and mildly alkaline basalts, as the samples plot within the Figure 12 . Variation of XRF-derived trace-element contents in Unit 3, Site 797 with LOI. Ce and Rb show strong increases with LOI, while Y again shows a decline with LOI. Analytical precision is <3% for V, Cr, Ni, Sr, and Zr, 5% to 10% for Zn, Cu, Y, and Rb, and 20% for Ce and Ba. alkaline field of Kuno but lack normative nepheline. The degree of alteration makes classifications such as these difficult. The experiments of Thy (this volume) show that the major-element compositions of these units could be explained by low-pressure fractionation of tholeiitic parental liquids, roughly similar in composition to those of the upper group (but more enriched in the incompatible elements). As a result, we refer to these lower units as enriched tholeiites. Thinsection and XRF analyses of the lowermost units (15 to 21) show them to be highly altered (note the low CaO and high LOI contents of some in Table 2) , with a range in composition lower in incompatible elements than Units 10-13 but higher than Units 1 to 9. Their degree of alteration makes analysis of them problematic, so we will limit our discussion of these to Units 15 and 21.
Units 10 to 15 exhibit parallel chondrite-normalized REE patterns, with moderately high LREE enrichments (chondrite-normalized La/Sm averages around 1.6) and with slight negative slopes in the medium to heavy REE (Fig. 19) . All have slightly negative Eu/Eu*, consistent with the relatively low A1 2 O 3 and CaO and moderate Sr (in the fresher samples) that imply derivation from liquids that have undergone substantial plagioclase fractionation (Frey et al., 1974) . The high concentration of V in these samples is consistent with a tholeiitic liquid line of descent that has undergone little or no magnetite fractionation, due to the strong partitioning of this element into magnetite (Irving, 1978) . Unit 21 has less LREE enrichment, producing a pattern that crosses the others (Fig. 19) . These REE patterns show that parental lavas that produced the lower suite of units at this site were substantially more enriched in the LREE than those that produced Units 1 to 9. Variation in LREE enrichment was also present in the parental lavas of the lower suite, implying several eruptive episodes. Table 1 ), while Ce strongly increases with LOI. Opposite to Unit 5 of Site 794, Co strongly increases in concentration with increasing LOI. Counting uncertainties for these elements are typically on the order of or smaller than the plotting symbols used (3% or less, except for U).
still higher than in N-MORB. These samples contain substantially more Ta, Nb, and Ti and substantially less Sr than typical arc basalts, and are more enriched in the incompatible elements (particularly Ta, Nb, and Ti) than most backarc or marginal basin basalts (e.g., Saunders and Tarney, 1984; Pearce et al., 1981; Pearce, 1982 Pearce, , 1983 Wilson, 1989) . They fall within the range of the Akita-Yamagata "oil field" basalts (Tsuchiya, 1990) , and compare with oceanic island tholeiitic compositions, continental flood tholeiites, and T-MORB compositions (Pearce et al., 1982; Wilson, 1989 , Basaltic Volcanism Study Project, 1981 Menzies et al., 1984; Wood et al., 1979; Michael et al., 1989) , differing only in their somewhat lower Ta and Nb contents, which may indicate a slight subduction zone signature. Overall, they are quite similar in their relative pattern of enrichment to DSDP samples from the Guaymas Basin (Saunders et al., 1982) . These N-MORB normalized element patterns, so different in shape from those of the upper group of units, require that the mantle sources of the lower units were more enriched in incompatible elements than those of the upper nine units (Pearce et al., 1981; Pearce, 1983 ). This conclusion is consistent with the isotopic results of Cousens and Allan (this volume), who show that the lower group of units has more radiogenic Sr and Pb and less radiogenic Nd isotopic compositions than those of the upper group. They argue that isotopic and mass-balance constraints indicate that these differences could not have resulted from continental crustal assimilation, an argument that is supported by the low Sr of Units 10 to 21 (Table 1) .
DISCUSSION
A major goal of Legs 127 and 128 was to understand the nature and composition of the backarc crust (Tamaki, Pisciotto, Allan, et al., 1990; Ingle, Sueyihiro, von Breymann et al., 1990) . These data show that the composition of igneous rocks in the uppermost crust of the Japan Sea are broadly similar to those found in other marginal basins, in that they fall between traditional classifications of arc tholeiites, MORBs, intraplate basalts, and calc-alkaline basalts, sharing various signatures of these "end-member" compositions (Volpe et al., 1987) . This explains our rationale for using "spidergrams" that illustrate Pearce et al. (1981) with slight modification in the order of the elements. Data plotted in the graphs is from the INAA data when multiple analyses of elements occurred, to minimize problems of mixing data derived from slightly offset portions of core in the XRF and INAA analyses. Sample 127-795B-34R-1, 121-123 cm, of Unit 1 has a substantially different pattern than those of Units 3A and 3B, indicating genesis from a different parent and also from a source relatively more enriched in the high-field strength elements (HFSE) Ta, Nb, Zr, and Hf. Overall, the Site 795 samples are depleted in the incompatible elements, and lack strong depletions in the HFSE and LILE, inconsistent with eruption within the framework of a continental volcanic arc (see text).
numerous elements instead of just simple elemental ratios for data analysis. Despite their complexity, these samples yield important constraints on the nature of the crust and underlying mantle of the Japan Sea. A goal at Site 795 of Leg 127 was to understand the nature and history of the crust of the northern Japan Basin margin. The crustal thickness of this portion of the Japan Basin is slightly greater than 11-12 km, and so thicker than typical oceanic crust (7-10 km; Ludwig et al., 1975; Tamaki, Pisciotto, Allan, et al., 1990) . Our data are consistent with the interpretation of the Leg 127 shipboard party that the Site 795 basement rocks could represent subaqueous lavas erupted within the framework of a rifting oceanic arc, perhaps at an early stage of back-arc basin formation. The lack of LILE enrichment and the overall highly depleted nature of the samples argue strongly against 100. the involvement of continental crust or subcontinental mantle in their genesis, indicating that the pre-Japan Sea arc composition in the region was oceanic, not continental, in nature. Sites 794 (on the central northern basin margin) and 797 (on the western basin margin) were designed to investigate the crustal nature and origin of the Yamato Basin, an enigmatic portion of the Japan Sea in terms of its anomalously thick crustal thickness (17-19km; Ludwigetal., 1975; Hirata et al., 1989; Tamaki, Pisciotto, Allan, et al., 1990) . The majority of units sampled represent sills or dikes, intruded into soft sediment during rapid deepening associated with extension (Tamaki, Pisciotto, Allan, et al., 1990) . The fact that depth-defined geochemical groups of sills and lavas occur implies that rock chemistry varies with age at both sites; yet curiously, the lower group of sills are the more enriched in incompatible elements at Site 797, while the lower group of sills at Site 794 are the more depleted in these elements. If the sills at both sites intruded soft sediment as envisioned by Einsele (1982) at the Guaymas Basin, then the stratigraphically higher units at each site were younger, intruding earlier sills by fracture-propagation before reaching the less-dense, nonfracturable, soft sediment. Unfortunately, the dates reported by Kaneoka et al. (this volume) and Pouclet and Bellon (this volume) for differing units at Site 794 cannot solve this problem, as the dates for upper and lower units at each site are not resolvable at their levels of reported error. At Site 797, the lower and upper sill groups intruded similar laminated sandstones, siltstones, and claystones that were rapidly deposited (Tamaki, Pisciotto, Allan, et al., 1990) , implying that the time difference between the intrusion of the upper and lower group of sills was small. As none of the dated samples were treated to remove alteration, the Yamato Basin 40 Ar/ 39 Ar plateau ages (Kaneoka et al., this volume) yield the data most likely approximating the age of intrusion. It is a crucial point that these ages, ranging from 17.7-21.2 Ma for both sites, are not resolvable within analytic error to a 95% confidence level. This indicates that the age range of the sampled units in the Yamato Basin is small and that basin extension was widespread by about 18-21 Ma.
Our data show that the igneous rocks collected by coring in the Yamato Basin are a diverse group, with strong compositional variation between and within the sites that indicates the mantle underlying the Yamato Basin is compositionally heterogenous. Considering the Leg 127/128 sample set as a whole, our geochemical data show a good correlation of LREE enrichment with more radiogenic Sr and Pb and less radiogenic Nd isotopic composition (Cousens and Allan, this volume Pb at Site 797). Simple mixing calculations suggest that 0.5% to 2.5% of the Pb isotopic signature is due to a radiogenic EM2 (Zindler and Hart, 1986 ) contaminant deduced to be oceanic sediment incorporated in the source by subduction processes (Cousens and Allan, this volume). The contaminant was probably not continental crust nor old sub-continental lithosphere, because (1) there is no correlation between Mg number (magmatic evolution) and Pb or Sr; (2) for Japanese crustal rocks, published ^Sr/^Sr ratios are too high and 143 Nd/ 144 Nd ratios far too low for them to be considered as a contaminant; and (3) inferred lithospheric and sublithospheric compositions derived from eastern Chinese basalts are instead consistent with an EM 1 (Zindler and Hart, 1986 )-type contaminant. The relatively low amount of Sr and K 2 O in the fresher Yamato Basin samples are consistent with the hypothesis that these samples have interacted little with continental crust. Thus, the isotopic data strongly suggest a subduction zone signature, with a substantial portion of the mantle heterogeneity derived from elemental fluxes associated with subducted material.
Nevertheless, our data suggest that the mantle heterogeneity is comprised of at least three components, with the subduction-related elemental flux superimposed on pre-existing mantle heterogeneity. Figure 21 shows a plot of elemental ratios that has been put forward as a way of identifying relative crustal and mantle source contributions (Pearce, 1983) . The Ta/Yb Figure 21 . Plot after Pearce (1983) illustrating various possible contributions to magma chemistry in Th/Yb vs. Ta/Yb space. Mantle mixing array between depleted MORB source depleted mantle and ocean island basalt source enriched mantle (OIB) is shown, as are arrows illustrating how assimilation of subduction components (sediment) into the mantle source (S) and assimilation of continental arc crustal material into the rising magma (C) affects the composition of magma in an arc or back-arc system. Effect of partial melting (F) shown by the small arrow; its effect is small over the range of partial melting of interest (likely several to about 20%) and nearly parallel to the mixing line (Th being slightly more incompatible than Ta, when no residual titanates are present in the mantle residues). Crystal fractionation in the parental magmas of the Leg 127 and 128 rocks will change these compositional ratios little. The slope of the array defined by the Leg 127/128 rocks, especially those of Site 797, is greater than that defined by the MORB-OIB mixing array but less than that defined by assimilation of crust or source enrichment by subduction components. The width of the array is also substantially greater than analytic precision (the size of the plotting symbols when Ta/Yb and Th/Yb are >O.l). The slope and breadth of the array reflects the need for a minimum of three components in the mantle source.
relative contributions of different contaminants and source contributions are shown by the arrows (see figure caption for explanation). As with the isotopes, the data broadly define a linear array, with this array offset to a higher slope from the hypothesized oceanic island basalt (OIB)-MORB source mixing array. The defined slope is shallower than that likely to result from crustal assimilation (unlikely on isotopic grounds) or from mixing subduction components into the source mantle, and the data array is much broader than analytical error allows for simple two-component mixing. Therefore, at least three mantle sources are necessary to explain the data (not necessarily an OIB-type source per se). This conclusion is supported by the fact that the isotopic data on Site 794 samples do not differentiate between the upper and lower groups of different units at the site, despite their very different compositional characteristics.
A key feature of all of Leg 127 and 128 samples is their flat medium-to-heavy chondrite-normalized REE patterns; this argues strongly that the primary magmas producing the samples in both the Yamato and Japan Basins last equilibrated with a shallow garnet-free mantle of spinel (and perhaps plagioclase-bearing) lherzolite composition (Hansen, 1989; Frey et al., 1978; Basaltic Volcanism Study Project, 1981; Schilling, 1975) , at pressures of 10-25 kbar (Green et al., 1979; Basaltic Volcanism Study Project, 1981; Takahashi and Kushiro, 1983) . The high-pressure experimental data of Yamashita et al (this volume) is consistent with this inference; they estimated that the primary melts for the upper Site 797 units were generated at about 14 kbar from spinel lherzolite. Therefore, the primary melts for the Leg 127/128 samples were derived from a heterogenous and shallow mantle source, where melt segregation took place at depths of around 30-40 kbar with little subsequent interaction with the overlying and extending lithosphere. The age range of the sampled units indicates that the mantle source must have been heterogenous on both a broad scale (over the range of the Yamato Basin) and on a local, site-specific scale (such as Site 797) over a few Ma range in time. These data require that the source heterogeneity consists of an intimate mixture of relatively enriched and depleted mantle (plum-pudding model). Therefore, the data do not lend support to models proposing straightforward temporal changes in sub-Yamato Basin mantle composition, such as replacement of enriched subcontinental upper mantle by injection of depleted asthenospheric mantle into the sub-arc mantle (Tatsumi et al., 1989; Tatsumi et al., 1990; Nohda et al., 1988; Nohda et al., this volume) , or replacement of enriched OIB mantle by depleted mantle diapirs (Pouclet and Bellon, this volume).
A goal of the drill sites in the Yamato Basin was to infer the nature of the deeper crust. A principal question was whether the deep crust was oceanic or partially continental in character, the latter virtually required by models of rapid Yamato Basin formation (Takeshita and Yamaji, 1990) . While our data and that of Cousens and Allan (this volume) indicate little interaction of the Yamato Basin basaltic melts with continental crust, it does not rule out its presence, either. We note that the recent drilling results from Leg 135 in the Lau Basin (Leg 135 Shipboard Science Party, 1991; Parsons, Hawkins, Allan, et al., in press; Parsons et al., in press) may provide a model for the formation of the Yamato Basin. Leg 135 results indicate that the Lau Basin began to form at least 5.5-6 m.y. ago, with initial extension occurring by diffuse, brittle crustal failure resulting in a "basin-range" seafloor topography. The seafloor spreading now active in the eastern portion of the basin was not organized until about 1-2 m.y. ago, creating a sharp rough-smooth transition in the seafloor fabric. Leg 135 drilling cored basalts and andesites in the narrow (4-10 km wide) north-south basins created during the initial 4 Ma or so of brittle extension, and found that these lavas were transitional in character between MORBs and oceanic arc volcanics, with no relationship of rock composition to either location or age. We speculate that the Yamato Basin with its heterogenous igneous activity may have followed this model, but that seafloor spreading never coherently developed as in the most recent stage of Lau Basin formation; K. Tamaki (pers. comm., 1991) has noted that the Japan Basin, with most of its crust and lithosphere of oceanic character, contains a rough-smooth transition in its seafloor fabric perhaps similar to that newly discovered in the Lau Basin.
